Complementary DNA libraries were synthesized using the genomic RNAs of potato leafroll virus (PLRV) and beet western yellows virus (BWYV), by random as well as oligo(dT) priming of polyadenylated RNA, and cloned into pBR322. Two restriction endonuclease maps were constructed, extending to 6-1 kbp and 5.5 kbp for the PLRV and BWYV genomes respectively. The 3' ends of genomic RNAs were verified by sequence analysis of oligo(dT)-primed clones; 5'-terminal sequences of PLRV and BWYV were not detected among the cDNA fragments mapped. Selected clones were used to demonstrate specific virus detection in total nucleic acid preparations of PLRV-or BWYV-infected Physalisfloridana Rydb. One PLRV-derived clone showed cross-hybridization with purified BWYV RNA.
RI, EcoRI ; RV, EcoR V ; S, SalI; Sa, SacI ; Sin, SmaI ; X, XbaI ; Xh, l'hoI, cDNA inserts of pPL10 and pPL14, as well as pBW231, pBW79 and pBW189 originate from oligo(dT) priming, the others were generated by random priming. corresponding 32p-end-labelled ssRNA (Maniatis et al., 1982) . Ptasmids of specifically hybridizing clones were isolated by the alkaline lysis method (Birnboim & Doly, 1979) . Inserts of these cDNA clones ranged from 0.5 to 3.3 kbp in length, as estimated after digestion with PstI and non-denaturing agarose gel electrophoresis.
Sixty randomly primed clones of each virus were selected on the basis of their strong signal intensity in colony filter hybridization. Plasmid DNA of these clones was denatured by 0.25 MNaOH for 5 min and neutralized with 0.25 M-HC1 before dotting on nitrocellulose sheets. Blots were hybridized against different PLRV-or BWYV-specific inserts that had been 32p-labelled by nick translation (Rigby et al., 1977) or by the random priming method described by Feinberg & Vogelstein (1983 , 1984 .
Multiple digestions with several restriction enzymes and parallel Southern blot analysis (Southern, 1975) revealed cDNA clones with overlapping regions. By means of these data two restriction endonuclease maps representing the PLRV (Fig. 1 a) and BWYV ( Fig. 1 b) genomes were constructed. The mapped sequences of PLRV cover 6-1 kbp, while the BWYV library extends to 5.5 kbp in length. Analysis of PLRV and BWYV RNAs in denaturing agarose gels (McMaster & Carmichael, 1977) indicates sizes of 6.2 and 5.6 kbp, respectively, and the mapping results suggest that the cloned regions were equivalent to 98 ~o of each virus genome. The 3' to 5' orientation of our maps relative to the viral RNAs was deduced from oligo(dT)-primed clones. PLRV-derived clones pPL566 and pPL10 and BWYV recombinants pBWl31 and pBW231 represent the limits of the corresponding restriction map constructed from randomly and oligo(dT)-primed cDNA molecules.
Complementary DNA inserts from the 3' end which were expected to contain oligo(dA) were additionally examined by sequencing. The insert fragments of PLRV-derived recombinants pPL10 and pPL14 (see Fig. 1 a) were subcloned into a pT7T3 19U vector. Single-stranded DNA templates were prepared using the M 13K07 helper phage (Pharmacia). Determination of the 141 nucleotides from the internal Sail site to the assumed 3" end ( Fig. 2a) was carried out by the dideoxy chain-termination method of Sanger et al. (1977) . Sequences were shown to carry a homopolymeric tail of seven adenosine residues for pPL10 and 23 adenosine residues for pPL14. Both clones revealed an identical nucleotide sequence that only differed in the length of the attached poly(A) tail, suggesting that the viral 3' end is represented in our restriction map of PLRV. cDNA inserts of three oligo(dT)-primed BWYV clones, pBW79, pBW 189 and pBW231, were shortened by exonuclease III treatment (Henikoff, 1984) after subcloning into pT7T3. Analysis by sequencing towards the putative 3' terminus demonstrated the same nucleotide sequence but showed the presence of poly(A) tails of varying length (Fig. 2b) . No sequence homologies have yet been detected among the Y-terminal regions of PLRV and BWYV c D N A clones.
For testing the presence of the viral 5' termini in mapped clones, S1 mapping (Berk & Sharp, 1977 , 1978 was carried out. Viral ssRNAs were 5' end-labelled and annealed to the 600 bp PstIEcoRI fragment of pPL566 or the whole insert of pBW131, respectively. After incubation with nuclease S1 and neutral gel electrophoresis, subsequent autoradiography failed to detect the 5'-terminal label (data not shown). The results suggest that neither PLRV nor BWYV Y-terminal sequences had been represented in the cloned cDNAs. More experiments such as sequencing of the ssRNA templates will be necessary to verify the sequence of the viral 5' ends.
Mapped PLRV or BWYV c D N A clones have been tested for their specificity as hybridization probes. Nucleic acid preparations from healthy and PLRV-or BWYV-infected Physalis floridana Rydb. were isolated as originally described by Morris & Dodds (1979) , with modifications by Maiss et al. (1987) . Purified viral R N A of known concentration and total nucleic acid samples were serially diluted and spotted on nitrocellulose membranes as described by Maule et al. (1983) . Dot blots were prehybridized and hybridized as outlined by Schleicher & Schuell (1981) . Clone pPL1664 was chosen because of its insert length (3.1 kbp), covering approximately half of the PLRV genome. The radiolabelled insert of this clone hybridized specifically with purified PLRV ssRNA (Fig. 3a) . Eighty pg of PLRV ssRNA was detected in this dot blot assay. Additionally, cross-hybridization between the insert of pPL 1664 and purified BWYV ssRNA was demonstrated. However, in this heterologous reaction a minimum of 2 ng RNA was needed to enable detection. In hybridization with total nucleic acid preparations from PLRV-infected P.floridana a strong signal was observed, while dots with the same amount of total nucleic acid from healthy plant tissue did not react with pPL1664.
The insert of clone pBW 1722 was used for BWYV detection in a parallel dot blot experiment (Fig. 3b) . This probe hybridized specifically with the corresponding ssRNA extracted from virus particles. Although this clone was able to detect 80 pg of BWYV RNA, no crosshybridization with purified PLRV RNA was observed. Probe pBW1722 gave strong signals with dots from nucleic acid preparations of BWYV-infected P. floridana. No reaction was obtained with dots from healthy nucleic acid extracts. Dot blot hybridization tests with different PLRV-or BWYV-specific cDNA clones showed similar results. The ability to detect the homologous luteovirus RNA seems to vary with the insert length of the cDNA used as probe. So far, the application of other clones (except pPL1664) has failed to demonstrate cross-hybridization with BWYV RNA. Since no crossreaction with clone pBW1722 was seen, pPL1664 probably hybridizes with regions of the BWYV RNA that are not covered by pBW1722. In accordance with Barbara et al. (1987) , we suggest that the part of the genome coding for the coat protein is isolate-or virus-specific, while other regions are more conserved. Further investigations are necessary for precise localization of homologous regions between PLRV and BWYV.
Hybridization assays for the detection of viral RNAs in sap extracts were also carried out. For the preparation of crude sap extracts, 1 g of healthy or virus-infected plant tissue was homogenized in 2 ml of 100 mM-sodium phosphate pH 7.2, 10 mM-diethyldithiocarbamate and 0.1 ~ (v/v) Triton X-100 in a mortar. The sap was clarified by centrifugation at 14000 g for 2 min. However, experiments using labelled PLRV or BWYV cDNA probes gave only weak signals. This limitation is obviously due to the presence of inhibitory substances in plant extracts as reported by other authors (Waterhouse et al., 1986; Barbara et al., 1987) for luteovirus detection. In contrast to the findings of Waterhouse et al. (1986) , treatment of the crude extracts with chloroform did not enhance hybridization signals.
